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Reflectance can significantly influence on the spatial characteristics of the four-wave converter [Akimov et al. 
(2013), Akimov et al. (2015), Ivakhnik (1983), Akimov et al. (2011)]. At large reflectance number of dynamic 
gratings influencing the four-wave mixing process increases. Along with dynamic grating arising due to the 
interference of the wave incident on the nonlinear medium and the first pump wave, it is necessary to consider the 
grating arising due to the interference of the wave with WFR and a second pump wave. Processes such as self-
diffraction of the pump waves and the energy transfer from the object wave to signal wave begin to influence on the 
spatial structure of the wave with WFR. 
The purpose of our work is to study the spatial characteristics of the four-wave converter in a transparent two-
component medium based on electrostriction and Dufour effect at high reflectance. 
2. Derivation of basic equations 
We consider a plane layer of the optically transparent two-component medium (for example, liquid and 
nanoparticles having a density equal to the density of liquid) thickness Ɛ in which two opposing pump waves with 
complex amplitudes A1 and A2 and a signal wave with amplitude A3 propagate. Propagation of the radiation, 
intensity of which varies with the spatial coordinates, in such a medium leads due to electrostriction to the 
appearance of nanoparticles concentration flux which due to the Dufour effect changes the temperature (įT), and 
hence the refractive index of medium (įn=įT(dn/dT)). 
As a result of the degenerate four-wave interaction Ȧ+Ȧ–Ȧ=Ȧ object wave with complex amplitude A4 
propagating toward the signal wave is generated. 
Initial scalar wave equation describing the four-wave interaction of radiation in a transparent nonlinear medium 
[Vorobyeva et al. (2014)] is 
 
2
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0
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where A=A1+A2+A3+A4, k=Ȧn0/c, n0 is average refractive index. 
The equation (1) is supplemented with the system of balance equations for the concentration (įC) and 
temperature variations written in the approximation of linear nonequilibrium thermodynamics [Livashvili et al. 
(2013), Ivakhnik and Savelyev (2013), Vorobyeva et al. (2014)] 
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Here, D11, D22, D12 and Ȗ are the coefficients of thermal conductivity, diffusion, Dufour and electrostriction 
respectively, cp is the specific heat capacity, Ȟ is the density, I=AA*. 
For steady state, substituting 2 CG  from (2) into (3), we obtain 
2 212
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The four-wave interaction of radiation is considered under the following conditions: 
x the approximation of the specified field on the waves of the pump (|A1,2|>>|A3,4|); 
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x the temperature gratings due to the interference of the first pump and the signal wave, the object wave and the 
second pump wave are considered; 
x the self diffraction of the pump waves on the temperature gratings is considered. 
The intensity of the radiation propagating in a nonlinear medium can be written as 
0 1 3 1 3 2 4 2 4I I A A A A A A A A
         where 0 1 1 2 2I A A A A
   . Then the temperature variation can be represented as 
the sum 0 31 31 42 42T T T T T TG G G G G G
       of components which vary rapidly (įT31, įT42) or slowly (įT0) in space. 
Let the pump waves be plane      1,2 1,2 1,2exp ,A r A z ik r 
&& &  where 1,2k
&
 is the wave vectors of the pump waves, 
 ,x yU&  and z are the transverse and longitudinal components of the radius vector r& . We expand the signal and 
object waves into plane waves 
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Here, j=3,4, jA  is the spatial spectrum of the jth wave,  ,j jx jyN N N&  and kjz are the transverse and longitudinal 
components of the wave vector jk
&
. Rapidly varying temperature components we expand into harmonic gratings 
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Here, 31TG   and 42TG   are the spatial spectra of temperature gratings, 1TN
&  and 2TN
&  are the wave vectors of the 
gratings. 
In the approximation of slowly varying amplitudes at quasicollinear propagation of interacting waves (k/k1,3z§1, 
k/k2,4z§–1) equation (1) splits into a system of equations having the following form 
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System of equation (5) is written under condition that 1 2 1 3 4 2T TN N N N N N     
& & & & & & . The solution of the first two 
equations of system (5) has the form 
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We make the substitutions        4 4 4 4, , expA z A z P P zN Nc ª º  ¬ ¼
& &  " ,      3 3 3 3, , expA z A z P zN Nc ª º ¬ ¼
& &  . Then 
the equations describing the changes in spatial spectra of the signal and object waves, take the form 
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Equation (4) splits into the system of equations 
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Differentiating twice with respect to the z coordinate terms in the system of equation (6) and considering (7) we 
obtain a system of coupled third order differential equations for the spatial spectra of the signal and object waves 
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Here, G1,2=kȖD12I1,2(dn/dT)/(n0D11D22), G2=G1G2,  1,2 1,20 1,20I A A
    are the intensities of the pump waves, ǻ=k1z+k2z–
k3z–k4z is the projection of the wave detuning on the Z axis. 
In the paraxial approximation for the pump waves propagating strictly along the Z axis ( 1 2 0N N  
& & ) we have 
k1z–k3z= k4z–k2z=ț2/(2k) where 3 4N N N  
& & . 
In solving the system of equations (8), we use the boundary conditions 
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Equality of the spatial spectra derivatives of the signal and object waves on the nonlinear layer edges derives from 
temperature invariability on the edges. 
Numerical solution of system (8) considering the boundary conditions (9) allows us to analyze the spatial 
spectrum of the object wave on the front edge of the nonlinear layer considering written temperature gratings įT31 
and įT42 and self diffraction of the pump waves. 
3. Discussion of the results 
We consider the wave generated by a point source located on the front edge of a nonlinear layer as the signal 
wave (  30 3 1A Nc  
& ). 
Fig. 1 shows typical plots of spatial spectra of the object wave obtained by numerical analysis of the system of 
equations (8) at different intensities of the pump waves. For values G1,2Ɛ less than unity absolute value of the spatial 
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2
0 .b RN N'  '       
where, ǻț0 is the spatial frequency band half-width at small reflectance (R<<1), b is the proportionally coefficient 
depending on the nonlinear layer thickness, the wavelength and the ratio of the intensities of the pump waves. 
Increasing of the nonlinear layer thickness leads to decreasing of the spatial frequency band half-width ǻț0 is 
directly proportional to the law 1/Ɛ. 
Increasing of the spatial frequency band half-width cut out by the four-wave converter with the rise of the 
reflectance or the intensities of the pump waves indicates a deterioration of the WFR quality. 
Let us give estimates the spatial frequency band half-width of the object wave. As a two-component medium we 
consider water (n0=1.33) containing nanoparticles with a radius a0=10-8 m [Livashvili et al. (2013)]. Suppose that in 
such medium thickness Ɛ=10-3 m waves interact with a wavelength of Ȝ=5.32·10-7 m. Then the spatial frequency 
band half-width obtained from the numerical analysis of the system (8) at small reflectance is ǻț0=3830 m-1, the 
coefficient b=1190 m-1. 
4. Conclusion 
As a result of the analysis of the spatial characteristics of the degenerate four-wave converter in a transparent 
two-component medium based on electrostriction and Dufour effect, we obtain an analytical expression coupling 
reflectance with the nonlinear medium parameters and the intensity of the pump waves. We show a correlation 
between the spatial frequency band half-width cut out by the four-wave converter and the reflectance. Increasing of 
the reflectance leads to increasing of the spatial frequency band half-width which means deterioration of the WFR 
quality. 
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